Abstract. This article presents a new acclimatization method, ex vitro acclimatization in float hydroculture. This protocol ensures the ex vitro acclimatization of the plantlets obtained in vitro in the rooting stage or the ex vitro rooting and acclimatization of the shoots obtained in the multiplication stage. Our hydroculture method is different from the techniques of flotation hydroculture because no fertilizers or plant growth regulators or other biostimulators are used and water oxygenation by bubbling is not provided. Ex vitro rooting and acclimatization in one stage without an in vitro rooting stage in floating cell trays was successfully carried out in Rubus fruticosus and Rosa hybrida cultivars, whereas ex vitro acclimatization of in vitro-rooted plantlets was successfully carried out in Rubus idaeus, Ribes nigrum, Prunus cerasus 3 P. canescens, Lycium barbarum (Goji berry), Amelanchier canadensis, Drosera rotundifolia, Drosera capillaris, and Nephrolepis sp. In another set of experiments, the floating cell trays were replaced with layers of floating perlite and the latter method was also tested for non-rooted shoots obtained in vitro in the multiplication stage or rooted plantlets obtained in the rooting stage. Direct ex vitro rooting in floating perlite was successful in 'Tayberry' (Rubus fruticosus 3 Rubus idaeus) (78.12% rooting); Amelanchier canadensis, Rubus fruticosus 'Chester', Rubus idaeus 'Erntesegen', Vaccinium macrocarpon, and Vaccinium corymbosum with rooting percentages above 80%; and Rubus idaeus 'Willamette' and Rosa hybrida 'Cristiana' with rooting percentages above 80%.
Ex vitro acclimatization is an important stage during in vitro plant propagation, because it deals with gradual transition from the artificial culture conditions to the natural living environment. In the acclimatization stage it is necessary to ensure optimal culture conditions to obtain high survival rates. The usual methods of ex vitro acclimatization use various types of containers filled with different types of potting mix (peat, perlite, soil, vermiculite individually or in optimized combination) as transplanting substrates as well as artificial culture areas (greenhouses, tunnels, growth rooms) in which air humidity is kept at high levels to prevent the dehydration of the plantlets transferred ex vitro.
For acclimatization, generally, plantlets rooted in vitro on media favorable for rooting are used (Bobrowski et al., 1996; Erig and Schuch, 2005; Najaf-Abadi and Hamidoghli, 2009; Radmann et al., 2003; Ružic and Laziž, 2006, 2007) . Hazarika (2003) , in a review on ex vitro acclimatization, mentions that during transition, better plantlet development, stomata functioning, and synthesis of epicuticular wax can be achieved by lowering air humidity in the culture vessels, by the use of growth retardants like paclobutrazol or Cycocel, and the use of antitranspirants. Examples of successful direct ex vitrorooted plants are citrus, tea, walnut, peach, tobacco, and brinjal. The author further suggests application of direct ex vitro rooting of shoots deriving from the in vitro multiplication stage to reduce costs. Cristea (2010) mentions the usefulness of photoautotrophic micropropagation for the improvement of rhizogenesis and acclimatization process. Rohr et al. (2003) discussed the morphological and anatomical anomalies of in vitrocultured plants, like the absence of cuticle and stomata that should protect the plantlets from desiccation, as well as the lack of a properly developed root system. They also mention the two main approaches used for ex vitro acclimation: reducing water stress and helping the plantlets become autotrophic. They further offer examples for the beneficial effect of improved aeration during in vitro culture and the use of mycorrhiza for ex vitro acclimatization.
In this study, the ex vitro acclimatization of in vitro-rooted plantlets was studied in float hydroculture. We also studied the direct ex vitro rooting and acclimatization of in vitroraised shoots harvested during the multiplication stage. In the latter case, both rooting and acclimatization were carried out ex vitro in the same stage.
Another method for the ex vitro acclimatization of several horticultural species was ex vitro acclimatization in floating perlite beds. This technique derives from the technique of acclimatization in flooded perlite in plastic trays (Tromble, 2011) .
Most flotation hydroponics systems are made of long, rectangular cemented or wooden tanks and lined with waterproof material, which contain the nutritive solution. On the surface of the nutritive solution, there are floats made of polystyrene or other materials that sustain the plants (Sheikh, 2006; Sweat et al., 2003) .
The technique of rooting ex vitro in floating cell trays was inspired from a method used for tomato and tobacco seedlings and for lettuce (Peek and Reed, 2008; Reed, 2009; Ross and Teffeau, 1995; Tyson et al., 1999) . The method of float hydroculture presented in our article is different from the previous protocols because no fertilizers, plant growth regulators, or biostimulators were used and aeration was not provided. In our float hydroculture experiments, no porous substrate like peat, vermiculite, or peat and perlite mixture was used for supporting the plantlets. Air humidity was also not maintained at a certain level mechanically or otherwise.
The aim of this study was to test the efficiency of the novel ex vitro acclimatization techniques set up by the authors at the Fruit Research Station Cluj for the ex vitro acclimatization of several important horticultural species and cultivars. Another objective was to carry out direct ex vitro rooting to provide a means for avoiding the in vitro rooting stage where it was the case, by direct ex vitro rooting in float hydroculture or in floating perlite. Both ex vitro acclimatization techniques (float hydroculture and floating perlite beds) are radically new because they do not require the maintenance of high relative humidity around the plantlets to be acclimatized and the maintenance of the substrate's humidity by irrigation is not required, because the substrate maintains its humidity by passively absorbing water from below in the case of floating perlite beds and, in the case of float hydroculture, the substrate is the water itself from the vessels used for acclimatization.
Material and Method

Plant material
The various plant species and cultivars studied in this set of experiments belong to various botanical families and they are either ornamental or fruit species. Rosa hybrida 'Red Bells' and 'Cristiana' are procumbent roses; Nephrolepis sp., Drosera capillaris, and Drosera rotundifolia are carnivorous species used as ornamentals. Amelanchier canadensis 'Rainbow Pillar' is an ornamental as well as fruit shrub. 'Gisela 5' (Prunus cerasus · Prunus canescens) is a dwarf cherry rootstock. Rubus idaeus, Rubus fruticosus, Vaccinium macrocarpon, and Vaccinium corymbosum as well as 'Tayberry' (Rubus fruticosus · Rubus idaeus) are important fruit shrubs. Lycium barbarum is an important fruit shrub, which also has medicinal properties.
To test the two acclimatization methods, in vitro-cultured plantlets were used, either elongated shoots from the multiplication stage or plantlets from the rooting media (Table 1 ). The media used for the in vitro cultures consisted of modified Murashige and Skoog (1962) (MS) or Woody Plant Medium (WPM) (Lloyd and McCown, 1981) with plant growth regulators according to the species and culture stage ( Table 1) . The MS basal medium codenamed MSm contained MS salts at full concentration, 100 mg
sugar (Coronit xa, Romania) and were gelled with 6 g · L -1 Plant Agar (Duchefa Biochemie BV, The Netherlands). MSs was similar to MSm but gelled with 50 g · L -1 wheat starch (Compania Indiilor Orientale SRL, Romania).
The modified WPM consisted of WPM salts without (FeNaEDTA as an iron source),
, 1 mg · L -1 nicotinic acid, and 30 g · L -1 sugar (Coronit xa, Romania) and were gelled with 6 g · L -1 Plant Agar (Duchefa Biochemie BV, The Netherlands). All the components were added to the media before sterilization by autoclavation. The pH of the media was adjusted before adding the gelling agents.
Float hydroculture
This method used cell trays fitted with floats (Styrofoam, polyurethane foam, or other materials) placed on the surface of a tub filled with water. In this set of experiments, floats made of Styrofoam were used. Care was taken in such a way that one-third to half of the basal part of the shoots placed into the cells is submerged into the water. During the experiments, the water was not replaced. The water in the tubs was only replenished, if it was the case, to maintain water level. For most species, ordinary tap water with pH 7.0 was used. For some acidophilous species (Vaccinium macrocarpon and Vaccinium corymbosum), water pH was adjusted to 4.5 using HCl. Ex vitro acclimatization was accomplished in 4 weeks; during which the plantlets grew, they also generated new roots and finally they became suitable for transplanting into pots with soil mix. Table 2 shows the physical and chemical characteristics of the tap water in Cluj-Napoca city, that was used in our acclimatization experiments. Various steps in the process are as follows. The tub is filled with tap water and a cell tray is prepared by fixing some floats on the underside of the cell tray (Fig. 1) . The size of the cells should be 3/3.5 cm or 1/1 cm for plantlets smaller than 2 cm. Then the cell trays are placed on the water surface in the tubs.
Elongated shoots are harvested from in vitro cultures in the multiplication or in the rooting stage. Shoots are gently washed with warm water to remove the remnants of nutritive media and placed into the cells (15 to 25 shoots per 3/3.5-cm cell depending on size and species; for blackberry, 15 to 20 shoots/bunch). For the smaller cells that are 1 cm in diameter, there should be four to six shoots/cell. The bunches should sit upright in the cells without being compressed to cause damage to the shoots and they should not be loose so that the bunch should not fall apart. The bunch should be just tight enough to stay safely in the cells, where one-third to half of the base of the shoots should stay submerged in the water. When using plantlets rooted in vitro, place bunches of plantlets into the cells in such a way that the water covers the roots to avoid desiccation. Depending on species and size, three to 10 rooted plantlets per 3/ 3.5-cm cell should be accommodated. The bunches should sit upright as loose plugs in the cells, and care should be taken not to damage the roots. At this point the tubs are transferred to a growth room with a controlled environment (23 ± 3°C, 27-32
, 16-h photoperiod), or into the greenhouse, or under shelters in open air, depending on the facility available and plant species. The growth room proved to be suitable for all the species we studied. Rubus fruticosus could be rooted ex vitro and acclimatized in open air also (Fira et al., 2011) .
Ex vitro rooting and acclimatization of non-rooted shoots from the multiplication stage, in float hydroculture
In this case, shoots derived from the multiplication stage were grouped into bunches and introduced into floating cell trays. This method was tested for Rubus fruticosus 'Loch Ness' and 'Chester', Rubus idaeus 'Willamette', 'Tayberry' (Rubus fruticosus · Rubus idaeus), Lycium barbarum 'Ning Xia1', Amelanchier canadensis 'Rainbow Pillar', Rosa hybrida 'Cristiana' and 'Red Bells', and Stevia rebaudiana. The multiplication (1962) media from which the shoots derived and the in vitro culture period are presented in Table 1 . All the experiments were carried out in the growth room in the conditions mentioned. Unless stated otherwise, cell trays with 3/3.5-cm cells were used. Unless stated otherwise, the plant material consisted of 3-to 5-cm long shoots.
In Rubus fruticosus 'Loch Ness', two types of cell trays were used: V1LN, cell trays with 3/3.5-cm cells where long as well as short shoots were rooted without being previously separated into categories; V2LN, cell trays with 1/1-cm cells where long shoots were rooted; and V3LN, cell trays with 1/1-cm cells where short shoots (shorter than 2.5 cm) were rooted (Table 3) . To establish rooting percentages, the length of root bunches and the average number of roots/plant, 20 cells per experimental treatment, were examined. In Rubus fruticosus 'Chester', the experimental treatments were: V1C, cell trays with cell sizes of 3/3.5 cm in which long (3 to 5 cm) as well as short (1.5 to 2.5 cm) shoots were rooted without being separated into categories; V2C, cell trays with 3/3.5-cm cells with long shoots; V3C, cell trays with 1/1-cm cells with long shoots; and V4C, cell trays with 1/1-cm cells with short shoots (less than 2.5 cm in length). For data accumulation on survival and measurements, 10 cells/experimental treatment were examined (Table 4) .
Ex vitro acclimatization in float hydroculture of plantlets rooted in vitro
This method was tested for: Rubus idaeus 'Willamette', Lycium barbarum, Amelanchier canadensis 'Rainbow Pillar', Ribes nigrum 'Tisel', cherry rootstock 'Gisela 5' (Prunus cerasus · P. canescens), Drosera capillaris, Drosera rotundifolia, and Nephrolepis sp. (Table 5). In Ribes nigrum, Nephrolepis sp., and Drosera rotundifolia, the ex vitro acclimatization experiments were carried out in the greenhouse in August, whereas in the other species, these were carried out in the growth room in the conditions mentioned. Cell trays with 3/3.5-cm cells were used in all the experiments.
In Rubus idaeus 'Willamette', the plantlets rooted in vitro were transferred ex vitro for acclimatization into floating cell trays with 56 cells. To establish survival rates, three repetitions of 10 cells each were counted (86, 98, 96 plantlets, respectively) . A total number of 280 plantlets were studied at an average number of 9.33 plantlets/cell.
In Lycium barbarum, there was a total number of 135 plantlets in 35 cells, that is an average number of 3.85 plantlets/cell. In Amelanchier canadensis, 15 cells were considered with a total number of 91 plantlets, that is an average number of 6.06 plantlets/ cell. There were 94 rooted plantlets of Ribes nigrum 'Tisel' that were transferred ex vitro (three plantlets/cell). In Drosera rotundifolia and Drosera capillaris, whole plantlets or small bunches of plantlets were used as a result of the nature of the plant and in Nephrolepis sp. small bunches of plantlets were transferred ex vitro so that they could fit into the cells.
Ex vitro acclimatization using floating perlite beds
Acclimatization in floating perlite beds has the following steps. An equal amount of perlite (v/v, ''BIOS'' Research and Development Center of Bio-stimulators, Cluj-Napoca, Romania) and water was measured, the water was poured into the tubs, and the perlite was spread over water surface as evenly as possible. The perlite layer partially sank into the 0.01 Merck Kit TOC = total organic carbon; NTU = nephelometric turbidity units; BDL = below detection limit; LOD = limit of detection. HORTSCIENCE VOL. 48(9) SEPTEMBER 2013 water and stayed humid at the surface. The shoots or in vitro-rooted plantlets were planted, with or without a dibble, into the layer of floating perlite. Optionally, for less vigorous shoots or, for more tender plantlets, partial protection should be ensured by using a transparent lid but without increasing humidity close to 100%. The acclimatization vessels prepared in this way should be kept for 1 to 1.5 months in the growth room or in a greenhouse in temperature conditions similar to the normal weather conditions in May through August (15°C at night and 20 to 25°C during the day).
Ex vitro rooting and acclimatization in floating perlite beds of the shoots obtained in the multiplication stage
In this case, the individual shoots, without roots, excised from plantlets obtained in the multiplication stage were planted into the floating perlite beds at equal distances. This method was tested in these species: Rubus fruticosus 'Chester', Rubus idaeus 'Willamette' and 'Erntesegen', 'Tayberry' (Rubus fruticosus · Rubus idaeus), Vaccinium corymbosum 'Duke', 'Hannah's Choice', and 'Elliot', Vaccinium macrocarpon 'Pilgrim', Lycium barbarum, Amelanchier canadensis 'Rainbow Pillar', Rosa hybrida 'Cristiana', and Stevia rebaudiana. In most cultivars the number of shoots transferred for ex vitro rooting and the results regarding ex vitro rooting percentages are presented in Table 6 . In Rubus idaeus 'Willamette', there was a series of tests involving three repetitions consisting of three batches of shoots planted into floating perlite beds (total number 535). These consisted of various arrangements of the shoots (Table 7) . It was found that the shoots smaller than 2.5 cm rooted poorly, so a fourth experimental series with two categories of shoots was set up to establish the difference between the rooting percentages of the small vs. long shoots: one category with 3-to 5-cm long shoots and one category with 2-to 2.5-cm long shoots (Table 8 ). In Amelanchier canadensis, several benzyladenine (BAP) concentrations were used and the results are presented in Table 9 . Based on these results, a second batch with only large, 3-to 5-cm long shoots obtained from 3-month-old cultures on MSs + 2.22 mM BAP were used.
Statistical data analysis. For statistical analysis, monofactorial analysis of variance (P # 0.05) was used by using the Gnumeric software. Some results contain an E symbol. The number after E represents the number of decimal places that should be moved to the left in the number before E, for example P = 1.388120E-005 is P = 0.00001388.
In the experiments of Rubus fruticosus ex vitro rooting in floating cell trays, the cells were considered as experimental units and the numerical values of the rooting percentages per each cell were considered. Having in view that the large cells contained a much higher number of shoots than the small cells (Tables 3 and 4) , the average values of the length of root clumps, numbers of roots/ plant, were calculated for each cell. Our goal was to investigate the statistical significance of the differences between the experimental treatments regarding rooting percentages, the lengths of root clumps, and the number of roots/plantlet to establish which experimental treatment (large cells or small cells) provided better results and whether there were significant differences between long shoots and short shoots regarding root lengths and the number of roots/plantlet.
In the ex vitro rooting experiment in Rubus idaeus 'Willamette' in floating perlite beds, the plantlets were considered as experimental units and the numbers of roots per each plantlet and the lengths of the root clumps (maximum root lengths) per each plantlet were considered. Thirty-two plants/treatment were investigated. Our goal was to investigate the significance of difference regarding the number of roots/plantlet and root lengths between the two groups of shoots (3-to 5-cm long shoots vs. 2-to 2.5-cm long shoots). In Rosa hybrida 'Cristiana', the plantlets were considered as experimental units similar to Rubus idaeus 'Willamette' and our goal was to investigate whether there were significant differences regarding the number of roots/ plantlet and root lengths by studying three randomly taken samples of 10 plants each.
Ex vitro acclimatization in floating perlite beds of the plantlets rooted in vitro
In this case the plantlets rooted in vitro in the rooting media presented in Table 1 were planted into floating perlite beds at equal distances: Lycium barbarum, cherry rootstock 'Gisela 5' (Prunus cerasus · P. canescens). The method was not tested in Drosera capillaris, Drosera rotundifolia, and Nephrolepis sp. as a result of the efficiency and simplicity of the floating cell tray method.
These acclimatization methods are presented graphically in Figure 1 .
Results and Discussion
Ex vitro rooting and acclimatization in float hydroculture of the shoots obtained in the multiplication stage Rubus fruticosus. The best results for ex vitro rooting and acclimatization in Rubus fruticosus 'Loch Ness' were obtained in the cell trays with 1-cm cells. The short shoots generated shorter roots but the rooting percentage was higher. In both treatments where small cells were used, the rooting and acclimatization percentages were superior to the one where large cells were used (Table 3) . This may be because, in the treatment with large cells, the short shoots were either totally covered with water or did not get enough ventilation because they were covered by the longer shoots and so they died.
Statistically, the differences regarding root clump length between treatments V2LN (small cells, long shoots) and V3LN (small cells, short shoots) were not significant (P = 0.803830) and significant between V1LN (large cells with mixed shoots, long and short) and V2LN (P = 0.000444), respectively, between V1LN and V3LN (P = 0.000273). The differences regarding average root number/ plant were not significant (P = 0.197558) between V1LN and V2LN and significant between V2LN and V3LN (P = 0.000259) as well as V1LN and V3LN (P = 0.000438). The differences regarding rooting percentages/ cell were significant (P = 0.011359) between treatments V2LN and V3LN (the treatments with small cells) and not significant between V1LN and V2LN (P = 0.553373) and significant between V1 and V3 (P = 1.388120E-005). In Rubus fruticosus 'Chester', it should be noted that if the shoots derived from the multiplication stage were not separated into categories according to size and the small shoots were left among the long shoots, the small shoots were suppressed by the larger ones or they were totally submerged in the water and died, so in this case, rooting and survival percentage was the lowest (61.66%). By using small cells and separating the shoots into two categories similar to 'Loch Ness', the results regarding rooting percentages were superior (Table 4 ).
The differences regarding rooting percentages were significant (P = 0.003552) between V1C (large cells with mixed shoots, long and short); significant (P = 0.00880) among V2C (large cells with long shoots), V1C, and V3C (small cells with long shoots); and not significant (P = 0.17452) between V1C and V4C (small cells with short shoots). The differences were not significant between V2C and V3C.
In Rubus fruticosus, in both cultivars there were superior rooting percentages in the treatments with short shoots and small cells. This proves that the short shoots (less than 3 cm) are very viable explants and should be transferred separately into small cells, not together with the long shoots.
Rosa hybrida. This method proved to be easy and very effective for 'Red Bells' and 'Cristiana' . The shoots from the multiplication stage were rooted and acclimatized in 1 month. In 'Red Bells', from the initial number of 45 shoots, 42 rooted (93.33% rooting). In 'Cristiana', a total of 99 shoots were transferred ex vitro and 86 rooted well, six of them rooted poorly (one to two roots 1 to 2 cm in length), and seven did not root (three of these eventually died). The percentage of well-rooted plants was 86.86% and overall rooting percentage was 92.92%.
In all the cultivars in species Rubus idaeus, Lycium barbarum, Amelanchier canadensis, Stevia rebaudiana, cherry rootstock 'Gisela 5' (Prunus cerasus · Prunus canescens), and 'Tayberry' (Rubus fruticosus · Rubus idaeus), all the non-rooted shoots derived from the multiplication stage that were transferred ex vitro in floating cell trays died in 3 to 7 d. Figure 2 shows 'Chester' blackberry plantlets rooted directly ex vitro and acclimatized in float hydroculture in a floating cell tray.
Ex vitro acclimatization in float hydroculture of plantlets rooted in vitro
The survival percentages by this method are presented in Table 5 .
In Rubus idaeus 'Willamette', all three samples of 10 cells from the three repetitions tested yielded survival percentages of more than 80% (86.05%, 80.61%, and 84.38%, respectively). The overall acclimatization percentage was 83.57%. The plantlets got acclimatized in 15 d.
In Ribes nigrum 'Tisel', there was a high survival percentage and the plantlets grew rapidly in size. In 3 weeks they doubled their height. Unlike our results, Ružić and Lazić (2006) rooted in vitro the shoots obtained in the multiplication stage, in black currant 'Č ačanska crna', in similar conditions and then the rooted plantlets were acclimatized in the mist chamber but the survival percentage was only 40%. Our results regarding Ribes nigrum ex vitro acclimatization are similar to earlier Ribes nigrum acclimatization results obtained also with tap water and plastic trays ). Our simple yet efficient ex vitro acclimatization method is recommended for experimenting the ex vitro acclimatization of several valuable Ribes nigrum cultivars.
'Gisela 5' (Prunus cerasus · P. canescens) is the species in which the lowest survival percentages were obtained by this method (58%), but the results obtained by classical acclimatization methods (by using solid substrates and high air humidity) were similar with low survival percentages: 36.4% (Š iško, 2011) or 61.8% (Vujović et al., 2012) . In Lycium barbarum, besides the high survival percentage (94%), the plantlets grew in size in the acclimatization stage and had a healthy appearance. It was noticed that the plantlets that died were small ones (size below 3 cm). In Amelanchier canadensis 'Rainbow Pillar', the overall survival percentage of the plantlets rooted in MSs with 0.5 mg · L -1 indole-butyric acid and then acclimatized in float hydroculture was 89.01%; in some cells, all the plantlets survived. In Drosera rotundifolia, the plantlets grew in size and they had a healthy appearance. The inflorescences grew in height during the acclimatization stage. Nephrolepis sp. had a high survival percentage in the greenhouse despite poor protection against sunlight (double layer of shading net). Some leaves were slightly sunburnt but the plantlets got acclimatized successfully. Figure 3 shows several species rooted in vitro and acclimatized ex vitro in float hydroculture in cell trays.
Ex vitro rooting and acclimatization in floating perlite beds of the shoots obtained in the in vitro multiplication stage
The rooting and acclimatization percentages obtained by this method are presented in Table 6 .
In Rubus fruticosus 'Chester', from the total number of 57 shoots, 52 rooted well and two were poorly rooted.
In Rubus idaeus 'Willamette', in the first three batches of shoots transferred for ex vitro rooting, the rooting percentages were high (Table 7) , 432 of the total number of 535 shoots rooted, and the overall rooting percentage was 80.75%. In the fourth test, the long shoots gave superior results from all points of view: rooting percentage, plant height, length of root clump, and number of roots/ plant (Table 8 ). In this fourth batch, the overall rooting percentage was 80.76%. As a result of its efficiency and ease of use, in Rubus idaeus, direct ex vitro rooting in floating perlite beds is recommended. In vitro rooting followed by the ex vitro acclimatization of rooted plantlets is obsolete.
The Lycium barbarum plantlets obtained in the multiplication stage could not be rooted and acclimatized by this technique; all the shoots died a few days after being planted into floating perlite.
In Vaccinium corymbosum 'Duke', the first batch of 55 shoots had 100% rooting percentage and the second batch of 131 shoots had 97.71% rooting percentage.
The rooting and acclimatization percentages obtained in Vaccinium corymbosum (Table 6 ) were similar to the ones obtained by Isutsa et al. (1994) in 'Berkeley' and 'Northsky'. They obtained more than 99% survival percentage by rooting in growth chambers with artificial fog and artificial light in a mixture of peat and perlite 1:1 volume-tovolume ratio, the cultures were incubated in the growth chambers for 7 weeks, and they were transferred to a plastic tunnel with artificial fog for a period of 2 weeks, where the optimal light intensity proved to be 100 ± 20
, which strongly stimulated root growth.
In Vaccinium macrocarpon, the method of ex vitro rooting and acclimatization in floating perlite gave superior results as compared with the classical methods. Marcotrigiano and McGlew (1991) tested direct ex vitro rooting of the Vaccinium macrocarpon shoots obtained in the multiplication stage; they used plastic vessels filled with two types of potting mix: Redi-Earth as well as peat + sand mixture in 1:1 (v/v). The vessels were covered with two types of plastic lids: transparent and translucent ones. There were no significant differences in rooting in the two types of potting mix. The rooting efficiency was 84.7% ± 2.4% under the translucent lids and 96.5% ± 1.3% under the transparent ones.
In Amelanchier canadensis 'Rainbow Pillar', the rooting and acclimatization percentages of the shoots obtained in the multiplication stage depended on the BAP concentration used in the multiplication stage and also on the sizes of the shoots that were obtained. The highest rooting and acclimatization percentage was obtained in the 3-to 5-cm long shoots resulted from the culture media with 2.22 mM BAP (Table 9 ). In the second batch of 3-to 5-cm long shoots, 90.29% rooting percentage was obtained (93 rooted plantlets from the initial 103 shoots).
In Rosa hybrida 'Cristiana', biometrical studies were made regarding shoot length, the length of the root clump, and the number of roots/plant in the three samples of 10 plants each, randomly taken for measurements. The average length of root clumps was 11.74 cm, average shoot length was 4.56 cm, and the average number of roots/plant was 5.0. There were no significant statistical differences regarding the number of roots/plantlet among the three samples (P = 0.7190). Figure 4 shows several species rooted directly ex vitro and acclimatized in floating perlite beds.
The ex vitro acclimatization in floating perlite beds of the plantlets rooted in vitro
This method was applied for the ex vitro acclimatization of Lycium barbarum and 'Gisela 5' (Prunus cerasus · Prunus canescens) rooted in vitro.
In 'Gisela 5' cherry rootstock, planting the in vitro-rooted plants into the layer of floating perlite proved to be relatively difficult, but the high survival percentage compensated for this disadvantage. The survival percentage was 67.24% (39 plantlets out of the initial 58) and it was superior to the results obtained in floating cell trays. The roots also grew vigorously.
In Lycium barbarum, the survival percentage was 74.73% (68 survived out of the initial 91 plantlets), less than in hydroculture in floating cell trays. Figure 5 shows 'Gisela 5' cherry rootstock and Lycium barbarum plants rooted in vitro and acclimatized ex vitro in floating perlite beds.
Having in view the efficiency of direct ex vitro rooting in Rubus idaeus 'Willamette' in floating perlite beds, this ex vitro rooting and acclimatization method is recommended instead of the in vitro rooting followed by ex vitro acclimatization in floating cell trays, which in this case does not have much practical importance. According to our results, the longer shoots gave superior rooting percentages as compared with the shorter shoots (Table 8) . However, it is recommended that the shorter shoots should also be used to save plant material, because the in vitro proliferation rates in Rubus idaeus are relatively mediocre. The overall rooting and survival percentage of 80.76% was not superior to the survival percentage obtained in the experiment of ex vitro acclimatization of 'Willamette' plantlets rooted in vitro (Table 5 ), but the use of direct ex vitro rooting in floating perlite beds eliminates the need for the in vitro rooting stage, which is labor-intensive, needs additional vessels and media for in vitro culture, and also an additional 1-month rooting stage. In Rubus idaeus 'Erntesegen' and in Rubus fruticosus · Rubus idaeus 'Tayberry' as well as Rosa hybrida, it was not the case to compare the rooting efficiency of long vs. short shoots as a result of the very good vigor and uniformity of the shoots and as a result of the prevalence of long shoots regenerated in the in vitro multiplication stage. In Amelanchier canadensis, the ex vitro acclimatization in floating cell trays of the plantlets rooted in vitro proved to be very efficient, however, having in view the high rooting percentage of the longer shoots (Table 9) obtained in the plantlets cultured on media with 2.22 mM BAP and, also, having in view the very high numbers of shoots regenerated in the multiplication stage (unpublished results), it is recommended to avoid the in vitro rooting stage and to use instead direct ex vitro rooting in floating perlite beds, like in Rubus idaeus 'Willamette'. Nevertheless, as a result of the relatively low rooting percentages of short shoots, it is not recommended to use these, also having in view the large number of long, well-developed shoots available. In this case, in Amelanchier canadensis, we found that it was more important to save space and labor in the ex vitro rooting stage by using only long shoots than to save plant material by using the long as well as short, lesser developed shoots.
In Rubus fruticosus, in vitro rooting was not required as a result of the effectiveness of direct ex vitro rooting (Fira et al., 2011) . For optimal ex vitro rooting and survival percentages, we recommend ex vitro transfer by placing the long, 3-to 5-cm shoots and the shorter shoots separately into small cells instead of placing them randomly together in large cells. This approach yielded superior rooting percentages in both 'Loch Ness' and 'Chester' (Tables 3 and 4) . In Rubus fruticosus 'Chester', having in view the far superior rooting percentage obtained in a floating perlite bed, the latter method could be a very good alternative for direct ex vitro rooting. It is recommended to test this technique for other Rubus fruticosus cultivars as well.
In Rosa hybrida 'Cristiana', similar results were obtained regarding direct ex vitro rooting percentages in both the floating cell tray and floating perlite bed methods. Having in view the greater simplicity and ease of use of the floating cell trays, we recommend it for this rose cultivar. We also recommend the testing of the mentioned direct ex vitro rooting techniques for many other rose species and cultivars.
In Vaccinium macrocarpon and Vaccinium corymbosum, ex vitro rooting and acclimatization in floating perlite beds was an absolute success. In both species, this simple technique ensured very high rooting percentages (Table 6) .
In Lycium barbarum, in vitro rooting followed by ex vitro acclimatization in floating cell trays is recommended as a result of the ease and efficiency of this method, because direct ex vitro rooting in float hydroculture and in floating perlite beds did not yield positive results.
In Nephrolepis sp., in vitro rooting was necessary because in vitro culture on multiplication media with BAP provided a large number of plantlets that were not developed enough. On the hormone-free media, the plantlets rooted very well and they grew larger, several centimeters in size, and they became normally developed.
In Drosera rotundifolia and Drosera capillaris, it was not the case to transfer non-rooted plantlets ex vitro, because in vitro multiplication and in vitro rooting took place on the same hormone-free media. The results obtained by using float hydroculture in floating cell trays, in Drosera rotundifolia and Nephrolepis sp., are similar to the ones obtained by in an earlier experiment using plastic trays containing tap water.
Conclusions
The acclimatization methods presented in this article eliminate the necessity of using special, sophisticated installations for air humidification. Instead of such facilities, usual growth rooms and general-purpose greenhouses can be used.
These acclimatization methods are cheap and easy, they can be done by using locally available materials, they do not need fertilizers, plant growth regulators, or any other type of biostimulators, and they do not require water oxygenation by bubbling. They do not even require reliable irrigation systems, because the constant availability of water is ensured by its presence in the tubs. These methods save space, especially when using floating cell trays, into which a high number of plantlets or shoots can be put. When using growth rooms, horizontal area space can be economized by emplacing the small tubs on shelves vertically. Because they do not require special equipment like air humidifiers, our methods are safer in case of technical problems.
As a result of their simplicity and effectiveness, our ex vitro acclimatization techniques have a great potential for application on a large scale in the production of horticultural planting material by micropropagation and, also, in the micropropagation of some rare, endangered plant species, because they are efficient alternatives to the acclimatization methods used today. As a result of this fact, it is recommended that research should be done to establish some pilot stations in greenhouses, tunnels, and growth rooms to test them on a larger scale.
Our radically new ex vitro acclimatization techniques could even be used in other areas of plant biotechnology, for example, for acclimatization of transgenic plants or new, valuable mutants regenerated in vitro. The new techniques we presented could serve as a starting point for several important innovations and inventions in the domain of plant biotechnology.
